The antibacterial activities of the crude extract of Vismia baccifera var. dealbata Triana & Planch and of compounds isolated from it (sesamin, friedelin and vismiaquinone) were evaluated against Staphylococcus aureus (ATCC 25923), Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC 25992), Klebsiella pneumoniae (ATCC 23357), and Pseudomonas aeruginosa (ATCC 27853) using the disc diffusion agar method. The results obtained have revealed antibacterial activity against S. aureus, E. faecalis and P. aeruginosa, pathogen opportunists that become resistant to the antibiotics frequently used. According to the literature consulted, this is the first report of the antibacterial activity of the crude extract of V. baccifera and its constituents.
The genus Vismia belongs to the family Guttiferae (Clusiaceae or Hypericaceae), tribe Vismieae. [1] . It is distributed mainly in tropical and subtropical areas of Central and South America, and about 50 species are known. In Venezuela there are approximately 15 of these distributed all around the country [2, 3] . Vismia species have been used in folk medicine to treat many skin diseases, such as herpes, dermatitis, leprosy, syphilis, scabies, and eczemas [4] . The fresh sap has also been used as a strong purgative, while the bark is used as a tonic and febrifuge. [5] . Phytochemical studies carried out on several Vismia species have reported a variety of compounds, such as terpenes, lignans, sterols, flavonoids, anthrones and xanthones [6, 7] . In the present investigation, the antibacterial activity of the crude extract of Vismia baccifera var. dealbata Triana & Planch, collected from Mérida, Venezuela, and of compounds isolated from the extract, were evaluated against Gram positive and Gram negative bacteria using the disc diffusion agar method.
Compound 1 (50 mg, mp 107-109ºC) was obtained from column IV in fractions 20-30 eluted with n-hexane-dichloromethane (CH 2 Cl 2 ) (80:20, 75:25, 70:30), compound 2 (38 mg, mp 278-280ºC) from column VI in fractions 70-120 eluted with n-hexane-CH 2 Cl 2 (95:5); and compound 3 (20 mg, 200-202ºC) from column VII in fractions 17-20 eluted with n-hexane-CH 2 Cl 2 (80:20). From published spectroscopic and spectrometric data, compound 1 was proved to be 5,5'(tetrahydro-1H,3H furo[3,4-c-]furan-1,4-dyl)-bis-(1,3-benzodioxole) (sesamin) [8] , compound 2 friedooleanan-3-one (friedelin) [9] , and compound 3 1,8-dihydroxy-7-(Δ 1 -isopentenyl)-6methoxy-3-methylanthraquinone (vismiaquinone) [10] . Sesamin has been reported previously for V. reichardtiana [11] and V. guaramirangae [12] , friedeline for V. martiana [13] , V. micrantha, [14] , V. magnoliaefolia [15] and V. parviflora [16] , and vismiaquinone for V. reichardtiana and V. japurensis [10] .
The ethanolic extract of V. baccifera showed antibacterial activity against S. aureus and E. faecalis at a concentration of 190 mg/mL, exhibiting inhibition zones with diameters of 9 and 11 mm, respectively. Sesamin was active against E. faecalis (inhibition zone 10 mm; MIC 2 mg/mL), and P. aeruginosa (inhibition zone 8 mm, MIC 4 mg/mL). Friedelin showed activity against E. faecalis (inhibition zone 8 mm; MIC 4 mg/mL), and P. aeruginosa (inhibition zone 7 mm; MIC 5 mg/mL), and vismiaquinone was active against S. aureus (inhibition zone 9 mm; MIC 4 mg/mL). Antibacterial activity has been reported for the crude extract of V. orientalis showing activity against Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella typhimurium and Staphylococcus aureus [17] . To the best of our knowledge there are no reports regarding the antibacterial activity of the crude extract of Vismia baccifera var. dealbata or of the compounds sesamin, friedelin and vismiaquinone. Ethanolic extract used for the antibacterial activity assay: Dried and powdered leaves (500 g) of V. baccifera were extracted in a Soxhlet apparatus with ethanol (EtOH, 2 L). The extract was concentrated to dryness (70 g) and used for the antibacterial assay.
Extraction
and column chromatographic separation: The plant material (2.3 kg), dried and powdered, was extracted by soaking in isopropyl alcohol (8 L) for 3 days at room temperature. After filtration, the extract was concentrated to dryness (800 g) and further fractionated on a column (30 cm x 6 cm) containing silica gel (230-400 mesh). Elution was initially with n-hexane (450 mL), followed by mixtures of n-hexane-CH 2 Cl 2 (300 mL), CH 2 Cl 2 (1.5 L), CH 2 Cl 2 -MeOH (750 mL), and MeOH (1 L) of increasing polarity. Fractions (83), each of 100 mL, were collected and examined by TLC. Those fractions observed as a complex mixture of compounds were combined and subjected to further separation on different columns containing silica gel (230-400 mesh). Elution was always with n-hexane, followed by mixtures of n-hexane, CH 2 Cl 2 , and MeOH of increasing polarity.
Thin layer chromatography (TLC):
TLC analysis was carried out on all the fractions eluted from the various columns mentioned above. Oven dried (100 o C for 30 min) silica gel 60 F 254 (Merck, UK) layers, 250 μm thick were utilized and different mixtures of n-hexane, CH 2 Cl 2 , and MeOH were used, depending on the polarity of the compounds to be analyzed. The separated compounds were located by spraying the plates with sulphuric acid diluted to 10 % v/v with water and heating in an oven at 80 o C for 10 min.
Chemical characterization:
Melting points (uncorrected) were determined using a hot stage microscope (Fisher Johns). Infrared spectra (KBr) were measured using a Perkin Elmer 1600 FT-IR spectrometer. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded in CDCl 3 , using a Bruker Advance DRX 400 MHz instrument. Chemical shifts were measured in ppm, against a solution of tetramethylsilane as internal standard. MS were recorded using a Hewlett Packard HP, system 5988 A.
Bacterial strains:
The microorganisms used were Staphylococcus aureus (ATCC 25923), Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC 25992), Klebsiella pneumoniae (ATCC 23357) and Pseudomonas aeruginosa (ATCC 27853).
Antimicrobial method: Antimicrobial activity was determined using the disc diffusion assay described by Velasco et al. [18] (crude extract and friedelin), and Rondón et al. [19] (sesamin and vismiaquinone). The strains were maintained in agar conservation at room temperature. Each bacterial inoculum was incubated in 2.5 mL Mueller-Hinton broth at 37ºC for 18 h. The bacterial inoculum was diluted in sterile 0.85% saline to obtain turbidity visually comparable to a McFarland Nº 0.5 standard (10 6-8 CFU/mL). Every inoculum was spread over plates containing Mueller-Hinton agar and a paper filter disc (6 mm) saturated with 10 μL of crude extract and every pure isolated compound. The plates containing crude extract and friedelin were preincubated at 4ºC for 18 h and finally incubated at 37ºC for 24 h. The plates containing sesamin and vismiaquinone, where the solvent was dimethyl sulphoxide (DMSO), were left for 30 min at room temperature and then incubated at Chemical constituents and antibacterial activity of Vismia baccifera Natural Product Communications Vol. 2 (2) 2007 187 37ºC for 24 h. The inhibitory zone around the disc was measured and expressed in mm.
A positive control was also used to check the sensitivity of the tested organisms using the following antibiotics: Ampicillin-sulbactam® (10 μg/10 μg) for S. aureus (inhibition zone 35 mm), Vancomycin® (30 μg) for E. faecalis (inhibition zone 21 mm), Netilmicin® (30 μg) for E. coli (inhibiton zone 23 mm), Aztreonam® (30 μg) for K. pneumoniae (inhibition zone 31 mm), and Cefoperazone® (75 μg) for P. aeruginosa (inhibition zone 28 mm). The minimum inhibitory concentration (MIC) was determined only with microorganisms that displayed inhibitory zones. MIC was determined by dilution of the crude extract in EtOH; friedelin in CH 2 Cl 2 ; and sesamin and vismiaquinone in DMSO. Each dilution (10 μL) was pipetted onto a filter paper disc. Dilutions of the extract and the compounds, within a concentration range of 1-5 mg/mL, were also carried out. MIC was defined as the lowest concentration that inhibited the visible bacterial growth [20] . A negative control was also included in the test using a filter paper disc saturated with EtOH, CH 2 Cl 2 (these were left overnight under UV light to allow the solvents to evaporate), and DMSO (this was prepared just before the assay) to check the possible activity of these solvents against the bacteria assayed. The experiments were repeated at least twice.
